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.\bstract.— This paper summarizes hydrological and water quality findings from investigations by the authors and

their colleagues over the past 10 years.

Water and salt balances on Utah Lake for the July 1970 to July 1973 period show both evaporation (342,077 ac-

ft/vr) and groundwater (114,355 ac-ft/yr) to be somewhat larger than previously estimated by others.

Tlie lake is eutrophic, turbid, and slightly .saline, as might be expected in a shallow, basin-bottom lake in a semi-

arid area. Overall water quality in the lake is fair to good and appears to be controlled more by natural factors than

by the activities of man. An increase in total dissolved solids (TDS) from about 300 mg/1 in major surface and shal-

low groimdwater inflows to about 900 mg/1 in the main lake is the most significant water quality change. Of this

TDS increase, about one-half results from evaporation of about one-half of the total inflowing water, one-quarter

from salts carried by mineralized deep-spring inflows, and the remaining one-quarter from the poorer quality surface

inflows to the lake.

Calcium carbonate (calcite) precipitation from the lake waters accounts for about 40 percent of the estimated 0.85

mm/vr (0.033 iii/vr) long-term rate of sediment buildup of the lake bottom. This precipitated calcite is postulated to

be an important turbidity source in the wave-stirred lake.

This paper present.s information on the

overall hydrologic features of Utah Lake, in-

cluding the results of an intensive study of its

water balance during the July 1970 to July

1973 period; it also presents information on

the chemical and microbiological quality of

both inflowing waters and the lake itself.

Utah Lake is a shallow lake with an aver-

age depth of 2.8 m (9.2 ft) at compromise

water surface elevation of 1368.35 m
(4489.34 ft) MSL. Its depth is very imiform

more than 1 km (0.6 mile) offshore. At com-

promise level, in approximate percentages,

80 percent is deeper than 2.5 m (8.2 ft) but

only 20 percent is deeper than 3.5 m (11.5 ft).

Maximum depths of about 4.2 m (13.8 ft) oc-

cur in the south central portion of the lake

west of Bird Island. Figure 1 gives area and

volume of the lake as a function of surface

water elevation.

When the shallow character of the lake is

combined with the semiarid climate of the

area, a large net evaporation loss occurs from

the lake. The main impact of this evapo-

ration is an appreciable increase in the con-

centration of total dissolved solids (TDS) in

the remaining lake water. This evaporation

impact is compounded by a large TDS load

carried by mineralized springs that occur in

the lake bed and near-shoreline areas. The re-

sulting TDS concentration of some 900 mg/1

in the lake proper is two to four times higher

than the average TDS concentrations of most

surface tributaries and groundwater inflows.

TDS concentrations vary considerably both

spatially and temporally with the temporal

variation occurring both seasonally and with

longer wet and dry hydrologic cycles. These

longer cycles may result in a severalfold in-

crease in TDS during drought cycles as com
pared to wet cycles.

Background on
Water Balance Methodology

The hydrology of a lake refers basically to

identification and quantification of all ele-

ments of lake inflow and outflow— an ac-

counting for all waters that enter and leave a

lake. In a general sense, not relating to any

particular lake, the inflows are all surface

drainage (including drains, seeps, surface

wash, intermittent inflows, well-defined

tributaries, etc.), groundwater inflows (in-

cluding seepage from saturated shoreline

areas sometimes referred to as inflow from

bank storage), and direct precipitation on the

lake surface. The outflows include surface
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Fill. 1. lUah Lake aiea/volimie curves as a function of elevation.

tributaries, groundwater seepage (including

seepage into shoreline areas sometimes re-

ferred to as outflow to bank storage), evapo-

ration from the lake surface, and trans-

piration from any vegetation growing in the

lake.

The water balance is often stated as fol-

lows:

I, + Ig -h P - O, - E = S (1)

in which l^ = the volume of water in all in-

flowing tributaries;

Ig = the volume of all inflowing

groundwater;

P = the volume of precipitation

on the lake surface;

O, = the volume of water in all

outflowing tributaries;

E = the voKuiie of water evapo-

rated from the lake surface;

and

S = the volume of water repre-

sented by the rise or fall of

the lake level;

or in other words, the difference between all

inflows and outflows must be equal to the

change in lake storage, which may be readily

determined from lake level records. Since

evaporation is difficult to measure accurately

in the field, it is often calculated from the in-

flow-outflow equation. This calculation is re-

ferred to as a determination of evaporation

by the water balance method.

Utah Lake Water Balance Studies

Fuhriman et al. (1975) reported on Utah

Lake water balance studies made over the

period of July 1970 to July 1973. This section

summarizes the key elements of that study,

including refinements in those analyses and
results that are first published herein.

The objective of the water balance studies

was to provide an accurate determination of

the evaporation from the lake by the use of

equation 1. Previous studies by others on

Utah Lake have not had sufficient data to

make accurate water balance calculations on

a monthly basis.' Intensive measurements of

tributary inflow and increased coverage of

precipitation dining the 1970-73 period

made it possible to make computations on a

monthly basis during the April through Octo-

ber period, when evaporation was greatest

and when evaporation pan data were also

available.

'The studies reported herein make use of the water balance equation on a monthly basis except durini; the winter months-November through March-
when factors such as freezing of the lake water introduce other variables into the relationship. Evaporation calculations by the water balance equation are

therefore, reported monthly from April through October and then one five-month period— November through March.
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Water Balance Factors

Some hydrologic measurements relating to

Utah Lake have been made on a continuing

basis for manv years. Others have been made
intermittently, and some have been measured

intensively over relatively short intervals of a

few months or a few years in connection with

particular studies. A discussion of measure-

ments made and/or utilized in the analyses

reported herein are described in the sections

that follow.

Suiface Inflow —A total of 51 surface wa-

ter inflows have been identified as contrib-

uting to the lake on a regular basis. The loca-

tion and identification of these tributaries are

given in Figure 2 and Table 1. Of these, two

are measiued on a continuous basis by the

U.S. Geological Survey at points near to the

lake— the Provo Fliver and the Spanish Fork

River. A few inflows are measured on a con-

tinuing basis by private or governmental

imits. During tlie late spring in 1970, mea-

surement stations were established on tribu-

taries where none existed and measurements

were taken at one- to two-week intervals.

In spite of careful identification and mea-

surement of the surface tributaries, there are

times— such as during the spring thaw or dur-

ing heavy precipitation on the lands immedi-

ately surrounding the lake— when it is not

possible to measure all surface inflow. These

inflows must be estimated.

Inflow quantities for all tributaries were

measiued and tabulated on a monthly basis

for a two-year period. Measurements of the

larger tributaries were continued for a third

year, with the less significant tributary flows

being estimated during the third year. A sum-

mary of the surface inflow measurements

over the three-year period was reported by

Fuhriman et al. (1975). These flgures, with

some minor adjustments that have resulted

from refinements in the earlier evaluations,

are given in Table 2.

Lake Outflow.— Suriace outflows are con-

tinuously measured by the Jordan River com-

missioner. Records of these outflows— con-

sisting of the Jordan River flow, the Utah and

Salt Lake Canal, East Jordan Canal, the Utah

Lake Distributing Company Canal, and the

LDS Church Elberta Farm Pumping—were

Table 1. Utah Lake tributaries: identification codes and sampling points.

Station Stream

MAG208

stream code Location

UT 01 & 02
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Table 1 continued.
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Station

MAG208

Stream stream code Location

UT12 Drain 0.2 mi Wand 1.0 mi S of jet of 100 Wand 400 S ;

free-fall

UT13

UT14
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Station

MAG208

Stream stream code Location

UT34 Big Dry Creek BDRC-01.52

LIT 35 nth West ditch Zu .3.5-00.95

UT .36 5th West ditch Zu .36-00.85

UT .37 University ditch Zu .37-(K)..50

0.5 mi S of jet of 1600 Wand 1150 S

At jet of 1100 Wand 1560 S on south side of road

0.5 mi S of jet of 1,560 S and ,500 W

0.25 mi S-SW in interchange of 1420 S and Univer-

sity .\ venue

UT38 Mill Race MLCR02..34 0..35 mi S of .3,50 E and 1.500 S. Includes effluents

from Provo WWTP.

UT .39 Provo Sewage Treatment PRWT
Plant

350 E and 1.500 S

UT 40 Drain Zu 40-00.25 Discontinued-S of Provo WWTP0..35 mi and 0.27

mi E

ur4i Rat Farm Drain Zu 41-00.25 S of Provo WWTP0.35 mi and 0.3 mi E-about 100

vds S of road near metal-fenced enclosure

Steel Mill Drain Zu 42-01.00 0.81 mi N of 2400 S and 1050 E (near Kuhni Packing

Plant)

UT43 Spring Creek SPCS01.51 0.3 mi N of 2400 S and 1050 E (0..55 mi S of Kuhni

Packing Plant)

UT44 Hobble Creek HOBC05.46 0.25 mi S of 2400 S and 0.15 mi Wof frontage road

at 21" weir. Includes effluents from Springville

WWTP.

UT4.5
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Sa ntaq u in Utah Lake and Environs

Goshen 2 3 4 5

scale II

Fis;. 2. Location and code nunihcrs for L'tali Lake sampling sites and eode nunilieis of snrface tribntt
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TviiLi: 2. I'tali I.ako siirtace tiil)utar\ iiitlows, 1970-71 (all iisiuies arc in acre-feet of water, 1 acre-foot equals

1233.6 iii^).
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Table 2 continued.
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Table 2
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springs in the lake. Viers (1964) made de-

tailed studies of lake springs in an attempt to

determine their effect on the lake's chemical

quality; he made observations from the air

and ground to locate spring areas and then

sampled them for quality determinations. He
located and identified 30 separate springs in

the lake. Milligan et al. (1966) made careful

observations, including a number of measure-

ments of both quantity and quality, of the

nearshore springs flowing into the lake. Han-

sen (1975) reports observations of many
springs above the water line during the

1934-35 drought, when the lake was at its

lowest historical level. Dustin and Merritt

(1980) considered the hydrogeology of the

lake with emphasis on Goshen Bay and con-

cluded that between 12.3 and 22.2 X
lOfimVyr (10,000 to 18,000 ac-ft/yr) of

groundwater is coming from Cedar Valley

into the southern end of the lake.

There are many springs in the lake, but it

is obvious that field measurement of this

source of inflow is virtually impossible. Since

it was necessary to input this element as a

known quantity in the water balance equa-

tion, an indirect method quantifying this in-

flow was used to supplement the limited

amount of spring flow data available. This

method was the use of salt balances as de-

scribed later.

Evaporation

Measurements of evaporation from a U.S.

Weather Bureau Class A evaporation pan
have been made during the summer months
at the Utah Lake pumping station southwest

of Lehi for 28 years. The record of these

measurements is published in the monthly

CUmatological Data for Utah, published by
the U.S. Weather Service.

However, evaporation from standard pans

is different than evaporation from nearby

lakes themselves, and the degree of differ-

ence depends upon many factors. In fact, ac-

curate determination of evaporation from a

lake is a very difficult problem since some
elements of inflow and outflow are almost

impossible to measure accurately.

The most intensive study of evaporation

from a lake surface ever undertaken was con-

ducted at Lake Hefner, Oklahoma, in 1950
and 1951. Harbeck et al. (1952, 1954) report-

ed results of this intensive evaporation studv

involving many emminent scientists and engi-

neers. Many detailed measurements and eval-

uation methods were used to determine the

evaporation from this carefully selected lake.

Prior to this study, lake evaporation was gen-

erally estimated by multiplying the pan
evaporation by a coefficient that usually was

between 0.7 and 0.8. These values were
based mainly on work by Rohwer (1931),

Harding (1935), and Young (1947).

A number of publications reporting on ex-

tended Lake Hefner investigations have been

issued. Harbeck (1962) wrote on the use of

the mass-transfer theory. Kohler et al. (1955)

and Kohler and Parmele (1967) reported on

studies using evaporation pans and mete-

orological factors such as solar radiation, air

and water temperature, and dew point tem-

perature to develop charts that might be used

at other locations to estimate evaporation.

Extending these studies to specific locations

in the U.S., Kohler et al. (1959) published

generalized maps for the U.S. to provide a

basis for evaporation estimates. These maps
are based upon empirically derived charts

utilizing the meteorological factors men-
tioned above.

The results of measurements at Lake Hef-

ner reported by Harbeck et al. (1952) showed
clearly that the average pan coefficients for

the Class A evaporation pans varied from

month to month. Neglecting one month, in

which there was apparently some sort of ob-

servation error, the coefficients ranged from

about 0.4 to 1.32. The low values occurred in

the spring of the year when the lake water

temperature was lower than the pan water

temperature, and the high values occurred in

late siunmer and fall when the reverse was

true.

rrcvious evaporation studies on Utah

Lake.— Various studies in the past have re-

sulted in estimates of evaporation from Utah

Lake. Swendsen (1904) reported use of an

evaporation pan at Lehi as early as 1901 in

studies by the Salt Lake City engineer to esti-

mate Utah Lake evaporation. Jacobsen and

Peterson (1932) reported on studies that in-

cluded evaporation estimates. Harding (1940)

analyzed the available evaporation pan re-

cords near Utah Lake over the period 1903

to 1936 to develop estimates of evaporation
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from tlie lake. He used a constant value of

0.70 for a pan coefficient and then used the

Lehi record, extending it by various statis-

tical comparisons with other records.

In connection with the development of a

water resources management simulation

model for the Upper Jordan River drainage

area, Wang et al. (1973) studied the water

balance of Utah Lake. In conjunction, Wang
and Riley (1973) also estimated evaporation

by the energy budget analysis, even though

the necessary measurements of solar radi-

ation, vapor pressure, and water temper-

atures were not available at Utah Lake. They

pointed out the error in the common practice

of assuming a constant coefficient of pan

evaporation compared to lake evaporation.

Using their evaporation estimates in the wa-

ter budget analysis in the simulation of lake

levels using their simulation model, they

achieved a good correspondence between ac-

tual and simulated lake levels. However, it

should be pointed out that they used a water

budget analysis that included estimated val-

ues for both groundwater inflow and evapo-

ration. These are both unknowns and error in

one could be offset by the same magnitude of

error in the other. The report of Wang and

Riley (1973) includes a plot of simulated lake

evaporation versus pan evaporation at Lehi.

This graph results in an S-shaped curve in-

dicating low values of the pan coefficient

during months when the lake evaporation is

either in the low or the high range. This

seems to be inconsistent with the Lake Hef-

ner studies (Harbeck et al. 1952 and 1954),

which indicated that pan coefficients were

low in the spring and early summer when
lake water temperatures were low relative to

the overlying air and high in the late summer
and fall when the lake waters had stored a

significant amount of heat.

The U.S. Bureau of Reclamation (1964), in

planning for the Bonneville Unit of the Cen-

tral Utah Project, used a constant evapo-

ration pan coefficient of 0.8 applied to the

evaporation pan records at Lehi in making
estimates of total lake evaporation. Viers

(1964) also used a constant pan coefficient of

0.8 applied to the Lehi evaporation pan re-

cord to estimate the lake evaporation.

Salt Balance Studies

All water balance factors were measured

with reasonable accuracy except evaporation

and groundwater inflow. Therefore, using the

water balance equation alone, it was not pos-

sible to determine evaporation by this meth-

od. However, additional physical facts aid in

the evaluation of evaporation: (1) evapo-

ration is known to be relatively small during

the winter months, (2) groundwater inflow

from deep-seated sources is relatively con-

stant, (3) groundwater inflow from other than

deep-seated sources is related to groundwater

levels around the periphery of the lake, and

(4) some of the mineral ions dissolved in the

lake waters are sufficiently stable that an ion-

balance (salt balance) analysis can provide an

additional check on water quantity estimates.

The theory of the ion-balance analysis is

simple. In effect, it is a mass balance, the

same as a water balance, on selected dis-

solved minerals in the waters. Ions are chosen

that do not ordinarily precipitate out of solu-

tion (conservative ions) at the concentrations

found. Ion concentrations in all incoming and

outgoing waters are used in an equation sim-

ilar to the water balance equation. Ion con-

centrations must be determined for each in-

flow and outflow over time. In many cases,

this may be more difficult than obtaining ac-

curate water inflow and outflow data re-

quired for both water-balance and ion-bal-

ance calculations. In the case of Utah Lake,

two factors are present that make ion-bal-

ance calculations feasible: (1) the mineralized

spring inflows contain a much larger propor-

tion of sodium, potassium, sulfate, and chlo-

ride ions than do most surface and fresh

groundwater inflows. Since a large uncertain-

ty is associated with the total annual volume
of these mineral inflows, this large difference

in ion concentrations is extremely helpful in

adjusting the magnitudes of fresh and miner-

alized groundwater inflows as trial water and

ion balances are run; (2) a substantial amount
of chemical quality information is available

on the major tributary inflows, fresh

groundwaters, and major mineralized inflows,

as well as for the Jordan River.

The water quality simulation model
(LKSIM), developed in the study of the ef-

fects of lake diking on water quality (Fuhri-
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Table 3. Water budget analysis— Utah Lake 1 July 1970-30 June 1973 (all figures are in acre-feet of water, 1 aci

foot equals 1233.5 nr^).
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man et al. 1975), was used to achieve the re-

sults reported herein. Sodium and potassium

cations and chloride and sulfate anions were

used as the primary ions in the ion-balancing

procedures. The process actually involved

successive approximations to find the quan-

tity of groundwater of particular ion concen-

trations, which would result in a good simula-

tion when compared to the measured
concentrations in the lake. The resulting "fi-

nal" water balance is given in Table 3 and a

summary of the evaporation results in Table

4. It is noteworthy that the pan coefficient

(the calculated lake evaporation divided by

the pan evaporation) is relatively low in the

spring and increases throughout the summer.

This pattern is consistent with the Lake Hef-

ner results reported by Harbeck et al. (1952).

These simulation studies also resulted in an

estimated groundwater input of 141 X
lO^mVyr (114,355 ac-ft/yr). Others have esti-

mated this inflow to be much smaller— per-

haps 37 X l()fi to 56 X 10em3 (30,000 to

45,000 ac-ft/yr) (Harding 1941).

Discussion of Water Balance Results

Over the three-year period of the study,

loss by evaporation was over 1250 X lO^m^

(1,026,000 ac-ft)— an average annual loss of

more than 417 X lO^mS (342,000 ac-ft).

Evaporation was equal to 66 percent of the

surface tributary inflow and 47 percent of

the total inflow. Groundwater flow directly

into the lake was calculated to be 16 percent

of the total inflow and 22 percent of the sur-

face tributarv inflow.

Table 4. Calculated evaporation'^^ from Utah Lake and evaporation from pan at Lehi, Utah, 1 Julv 1970-30 Jime

1973.

Month
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The average evaporation pan coefficients

for the summer months are as follows:

April



1981
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Table 5a continued.
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Tal lie Dii coiitiiiuecl.
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Table 5b. Flowrates in Utah Lake tributaries during the 1979 water year— a typical, near average year (acre-feet).
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generally accepted swimming water limit of

loOO total coliform per 100 ml. Higher levels

normallv occur at the mouths of tributaries,

which are contaminated in various ways. Pol-

hition from recreation itself may cause high

coliform counts in heavy-use areas, such as

boat launches and popular fishing areas. Coli-

form counts away from the shoreline and em-
bayment areas seldom exceeded 100

MPN/100 ml and are usually much lower.

Biochemical Oxygen Demand

Biochemical oxygen demand (BOD) is a

measure of the readily degradable organic

matter; it is defined as the oxygen required

for microbes to "stabilize" the organic matter

present. Utah ambient water quality stan-

dards for recreation and aesthetics (class 2

waters) call for a BODvalue of less than 5

mg/1. This standard is intended to protect

against gross pollution and to avoid low oxy-

gen levels from degradation of organic mate-

rial. Culinary supply is an unlikely beneficial

use of Utah Lake waters because of high TDS
and turbidity.

Most BODdata for Utah lake have been

taken since 1970. The main lake experiences

average summer BODvalues of 2 to 4 mg/1,

Goshen Bay somewhat higher values at 3 to 6

mg/1, and Provo Bay considerably higher val-

ues at 5 to 20 mg/1. Table 6 gives data col-

lected during 1975 by Merritt et al. (Moun-

tainland Association of Governments, 1976).

As can be seen in Table 6, some violations of

the class 2 BODstandard occur in the lake.

In the main lake, these BODviolations result

mainly from dead in situ biomass, mainly al-

gae. BODvalues are highest with algae dieoff

in the fall when high oxygenation from wave-

induced mixing largely precludes serious oxy-

gen depletion, as is the case during all the

ice-free season. Only a few oxygen and BOD
tests have been nm on samples from under

the ice, and some low oxygen problems exist

where the water is less than 1 m deep. They
are not pervasive since summer algae have
largely died and decomposed before ice

cover and fall storms fully oxygenate the

lake.

Goshen Bay is much shallower, and wave
action and turbidity are generally less than in

the main lake. Large expanses of emergent

aquatic plants and attached and floating al-

gae are found in the bay, particularly in the

shallows. As this organic debris decomposes

in the winter, localized low oxygen or anoxic

pockets develop under the winter ice but

usually are not widespread. BOD loadings

from Goshen Bay tributaries are negligible;

hence, this is an imcontrollable problem un-

less in-lake measures are taken to control the

growth of the aquatic plants. It is likely that

Goshen Bay has been essentially this way for

thousands of years.

Provo Bay and several similar, but smaller,

bays along the east side of the lake period-

ically carry high BOD values. These values

would generally be higher than those of the

main lake, even in the absence of man's ac-

tivities, as a result of the periodically high

BOD loads carried by inflowing tributaries

and the high biological productivity in these

marsh and pond areas. Thus, even in pre-

colonization times, periodic anoxic conditions

occurred in these waters. Until the construc-

tion of secondary treatment plants in the

1950s most of the sewage generated in Utah

Valley drained into Utah Lake imtreated.

Table 6. Typical BODvalues in Utah Lake (5 day, 20 C values in mg/1).
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Table 7. Average water quality values for selected locations in Utah Lake.
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Table
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Fig. 3. Utah Lake water elevation and chloride ion concentration, 192S-194L

Table 8. Water and salts percentages to Utah Lake by source— July 1970 to July 1973.

Inflow

category

Annual average volume

acre-feet Percent

Percent of total loading to Utah Lake

TDS Ca Mg K CI HCO3 SO4

Surface 519,751 82.0

Shallow

subsurface
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values for deep subsurface inflow are the

most open to fiitiue revision, since limited

data are available for the mineralized springs.

Many of these springs and seeps occur in the

lake bed itself and cannot be located and

sampled in most cases. Mineralized springs

for which some data were available are Sara-

toga Hot Springs, Bird Island Springs, Lin-

coln Point Springs, Goshen Bay North
Springs, and Goshen Bay South Springs.

Since the mineralized springs are the major

sources of sodiimi, potassium, chloride, and

sulfate ions— which were needed to obtain a

good salt balance in the lake— the five springs

given above were selectively increased in

flow volume until the "best" salt and water

balances were achieved. In other words, it

was assumed that the quality of other uniden-

tified mineral springs in the lake could be

represented by the quality of those identified.

In actual fact, co-mingling of mineral and
fresh waters likely occurs prior to emergence

into the lake.

Values given in Table 8 indicate the large

impact that mineralized inflows have on TDS
and ion concentrations in the lake— a much
larger impact than previously recognized.

For example, mineralized springs provide

only 4.4 percent of the water but 21.3 per-

cent of the TDS, 33.6 percent of the sodium,

and 44.8 percent of the chloride.

Trophic Condition

Utah Lake is highly eutrophic, meaning
that it has a large nutrient loading and expe-

riences very high algal productivity. Procella

and Merritt (1976) reported that algal

bioassays on Utah Lake waters, using Sele-

nastmm cupricornutum as the test alga, in-

dicate phosphorus to be the limiting nutrient,

although standard chemical tests indicate a

relative abundance of phosphoiiis as well as

nitrogen in the water samples. These algal

bioassays were Rm on waters collected at

several sites in September and November
1975 and May 1976. Tliey postulated that

high hardness and high pH of the lake waters

result in precipitation and/or chemical bind-

ing of phosphorus, thus rendering it less

available to the algae. Nearly all bioassays

also exhibited a delayed response to phos-

phorus and nitrogen additions, indicating that

trace metals were not readily available and
their release rate from precipitates was a

controlling factor in the growth response.

This is an expected phenomenon in these

high alkalinity and high pH waters, where
precipitation of most trace metals with the

relatively abundant carbonate (CO=) and hy-

droxide (OH ) ions would be expected. Over-

all, algae productivity is likely limited in the

lake itself by the high turbidity, although no

in situ algal-growth experiments have been

rim to precisely quantify this factor.

Merritt, Rushforth, and Anderson (1976)

reported nutrient loadings to Utah Lake as

shown in Table 9. About 95 percent of the

total phosphorus load comes from .surface

tributaries. About 68 percent of this load

comes from treated municipal sewage ef-

fluents that flow into these tributaries. Some-
what less than 68 percent actually reaches

the lake since some phosphorus precipitation,

sedimentation, and biological uptake occurs

prior to reaching the lake.

The mean annual total phosphonis concen-

tration from all waters flowing into the lake

is about 0.20 mg/1, which is an extremely

high loading for a "fresh-water" lake with a

water retention time of about one and one-

half years if based on total inflow and about

three years if based on outflow. Evaluations

by Merritt et al. (1976) show removal of all

phosphorus from sewage effluents would still

leave the lake with a "eutrophic" ranking ac-

cording to results obtained from a commonly
used eutrophication model (Larsen and Mer-

cier 1975).

These findings cast considerable doubt on

the feasibility of controlling algae production

in Utah Lake via nutrient control in tributary

waters. It appears that sufficient nutrients are

present "naturally," i.e., from uncontrollable

sources, to provide an abundance of nutrients

to the lake as a whole. It also appears that,

due to high alkalinity, pH, and hardness,

most of the phosphorus and trace metals are

chemically bound in precipitates, and nutri-

ent availability is controlled more by solubi-

lity and solubization rates than by the total

nutrient loadings to the lake. In addition, as

mentioned above, the turbidity is probably

the real factor limiting total algal biomass in

the lake, not nutrients. Much larger algal bio-

masses are generally observed in lower turbi-

dity, sheltered areas, thereby qualitatively

supporting this proposition.
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Table 9. Nutrient budget for Utah Lake*.

Source

Inflow

acre-feet /yr

Inorganic nitrogen

kg/yr

Total phosphorus

kg/yr

Orthophosphorus

kg/yr

Surface
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